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a different speed in each direction is obtained by the use of two 
motors. 

He might have claimed for printing telegraphs the advantage 
of greater accuracy. In the majority of the operating rooms of 
one of the largest telegraph companies in this country, there 
are large notices reading: ''Accuracy First." In the final analy
sis, the standard of accuracy depends upon the operator, but 
the use of printing telegraphs enables the operator to give so 
much more time to the checking of the messages that the 
standard of accuracy is considerably higher than with the old 
Morse instruments. As a matter of fact, I believe that the 
number of undetected errors in the case of printing telegraph 
systems is only about thirty to forty per cent of the number 
of undetected errors with Morse. 

Just picture a telegraph organization in a position to print 
at the bottom of each message blank which goes out to the 
public—"There is no error in this message". The use of the 
printing telegraphs has made it possible to proceed a long way 
toward that high standard. 

While on the subject of accuracy, I will mention one or two 
slight inaccuracies in the paper. Fig. 16 shows the Western 
Electric printer with relay box as arranged for multiplex opera
tion, which is different from the arrangement for the start stop 
system as shown in Fig. 12. Fig. 15 shows the Western Electric 
receiving face plate with four rings. Four ring face plates have 
been abandoned and now only the two rings are used. 

If the printer systems described by Mr. Reiber can successfully 
compete with the Morse system when operated by the skilled 
Morse operators in America—and they do—then there should 
be no difficulty in having them compete with Morse operators in 
other parts of the world. 

G. D. Robinson: What is the possibility of applying the 
printing telegraph to wireless communication? 

A. H. Reiber: I believe there will be developments along 
those lines in the future. In applying automatic printing tele
graph equipment to wireless communication there is a condi
tion, that of static, which is hard to overcome. Where the 
human element is involved, it is possible to receive signals even 
though they are badly mutilated but with automatic printing 
telegraph equipment, unless future developments correct the 
difficulty, static disturbances will occasionally cause unintelligible 
words. 

CONDENSER DISCHARGES THROUGH A GENERAL 
GAS CIRCUIT* 

(STEINMETZ), N E W YORK, N . Y . , FEBRUARY 15, 1922 

V. Kar ape toff: I shall first consider the specific cases 
treated by the author, and then the general case, which he puts 
first. 

The first two cases, A and B, correspondong to E = 0 and 
E = constant; they do not require any special or new method of 
integration of the fundamental eq. (4), since the troublesome 
term, dE/dt, vanishes. Hence, these cases lead to familiar 
decremental sinusoidal expressions. The fact that in the second 
case the discharge stops after a finite number of alternations 
is very interesting, and it follows directly from the nature of the 
circuit. 

In the case C the shape of the current wave is assumed a 
priori, so that no integration of the fundamental equation is 
necessary. This case seems somewhat arbitrary, in that a 
physical quantity, E, instead of being taken in the beginning 
as a certain function of i, according to experimental facts, is 
deduced theoretically from an assumed law of variation of cur
rent. Of course, the shape of the current in the oscillograms 
(Figs. 8 to 10) shows the reasonableness of such an assumption, 
but the mathematical results for q and c are so complicated as to 
minimize the importance of this case. 

*A. I . E . E . JOURNAL, Vol. X L I , 1922, March, p. 210. 

In the remainder of the paper the author also seems to treat 
cases in which eq. (4) is not integrated in its general form, and 
no use is made of the empirical relationships between E and i, 
quoted at the very beginning of the paper. On the contrary, 
these relationships are deduced theoretically (Fig. 6). 

While such a treatment may be valuable as a first approach 
to the subject and while the theoretical curves have considerable 
similarity with the actual oscillograms, a somewhat different 
approach, more in accordance with the physical facts of the 
passage of electricity through gases, is also desirable. The very 
purpose of the "General Case" treated at the beginning of the 
paper should be to indicate the solution of the problem for a 
given empirical relationship between E and i, and yet the author 
does not seem to use this method at all in Irs special cases. The 
equations between E and i, given at the beginning of the paper, 
are not even numbered for reference. 

I therefore suggest the following alternative treatment of the 
general case: Since 

d E/d t = (d E/d i) (d i/d t) (a) 
eq. (4) may be written in the form 

d2 i 
L h (r + d E/d i) di/dt + i/c = 0 (b) 

d t2 

d2 i 
or -—— + <p (i) d i/d t + a i = 0 (c) 

dtl 

where <p(i) = 1/L (r + d E/d i) (d) 
and a = 1/(L C) (e) 

The quotient d E/di may be called the ionization slope of a 
gas. It is a negative quantity which characterizes the reduction 
in the resistance of the gas with the increase in current. For 
solid metals at a constant temperature this factor is a positive 
constant and represents the ordinary ohmic resistance. Thus, 
the expression in the parentheses of eq. (d) may be called the 
generalized resistance of the circuit, and is one of the data of the 
problem. 

The advantages of eq. (c) over Dr. Steinmetz's eq. (4) are as 
follows: (1) Eq. (c) contains only one dependent variable, i, 
as a function of t. Eq. (4) has two dependent variables i and 
E. (2) In Eq. (c) the given gas is characterized by its permanent 
and general physical property, dE/di; in eq. (4) it is charac
terized by a specific variable factor dE/dt, which applies only 
to a particular circuit. (3) Eq. (4) apparently requires a com
plicated solution with (4 n + 3 ) simultaneous equations for the 
determination of the integration constants. Eq. (c) can 
probably be solved by assuming a simple algebraic function for 
<p (i), and using a method of approximations. In fact <p ii) 
may be assumed to vary in steps, in which case for each 
step <p (i) is a constant, and the usual solution, of the form of 
eq. (15), holds true. (4) Eq. (c) can be reduced to a differential 
equation of the first order by putting 

di/dt = p (f) 
In this case 

d2 i 
—— = d p/d t = (d p/d i) (d i/d t) 
d t2 

d2 i 
or —— = p (d p/d i) (&) 

a tz 

Eq. (c) becomes 
p d p/d i + p<p(i)+ai=0 (h) 

While I doubt if this equation can be integrated in the general 
form, certain plausible assumptions may possibly be made in 
regard to <p (i) and p, to enable an approximate integration of 
this equation to be carried out, for practical purposes. 

There are some minor statements in the paper which ought 
to be corrected. For example, the solution of a differential 
equation is called an integral equation; the latter term is used 
in modern mathematics in an entirely different sense. The 
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quantities C and q are called "integration constants" which 
they are not, being functions of the given circuit constants. 
The equation (7) may be a particular solution only, and nothing 
is said of the complementary function, such as the solution of 
case A. Eq. (4) is supposed to have only two constants of 
integration, being an equation of the second order; the state
ment that it has 4 n -j- 3 such constants ought to be explained 
more in detail. 

Charles P. Steinmetz: I was considerably interested in 
Doctor Karapetoff's remarks, as I also tried to introduce the 

d e 
direct relation —-— into the equations but found that the rela-

d i 

tions between e and i usually met in gaseous conduction—some 
of them being indicated in my paper—are such that the resulting 
differential equation cannot well be integrated. I therefore 
resorted to the method usual in such case, to represent the incon
venient relation by a Fourier series and use the first terms of this 
series. In other words, started from a special simple solution 
of the general equation and from this determined the conditions 
of the e — i relation. 

Speaking of the 2 n + 3 constants as "integration constants" 
in an obvious lapse; "indeterminate constants was meaot. 

The dynamic characteristic of the general e — i relation I 
have introduced by the asymmetry of the e — i relation adopted. 
In the oscillograms given in the paper, the frequency is suffi
ciently high to give a strongly marked dynamic form of the 
characteristic—the frequency is seen by comparison with the 
60-cycle timing wave shown in the oscillograms. 

THE EFFECTS OF MOISTURE ON THE THERMAL 
CONDUCTIVITY OF SOILS* 

SHANKLIN, N E W YORK, N . Y . , FEBRUARY 16, 1922 . 

D. W. Roper: As Mr. Shanklin stated, the British Research 
Association is doing similar work along these lines, and their 
results show some variations that were unaccounted for, and 
which, perhaps, may be solved by Mr. Shanklin's data. 

Their tests-were all made on buried cables, out in the open, 
where the effects of moisture must have varied from day to day, 
and the tests extended over a period of several weeks or months, 
and apparently it must have rained now and then during that 
interval, so I think that some of the variations they discovered 
and did not account for in the heating of the cables would be 
accounted for by Mr. Shanklin's data showing that the per
centage of moisture in the soil has a considerable influence. 

In the latter part of his paper Mr. Shanklin states that the 
work of the British Research Association should be supported by 
similar work in other countries. In this country we have had 
for two or three years a Cable Research Committee of which 
the speaker is the Chairman, and which is a sub-committee of 
the proper technical committees of the American Institute of 
Electrical Engineers, the National Electric Light Association, 
and the Association of Edison Illuminating Companies. 

We have recently undertaken an investigation on the maximum 
permissible temperature of paper-insulated lead-covered cables, 
and we were prompted to do that by the remarkable differences 
of opinion which were expressed at the symposium on the sub
ject before this Institute at the Convention a year ago. We 
have, therefore, secured a fund for research and have arranged 
with the Massachusetts Institute of Technology to conduct the 
investigation on this question of maximum permissible tempera
ture, and it may be of interest to you to learn that the first 
check covering the expense of the research has been forwarded 
to the Massachusetts Institute of Technology, and we are meeting 
with the research men today to start the investigation. 

R. W. Atkinson: The author has rightly emphasized 
moisture as of far greater importance than any other variation 
of soil conditions. 

Until we have complete data of underground conditions, such 
as this paper shows to be necessary, in order to be safe when 
designing new underground systems we must estimate carrying 
capacities by taking into consideration the conditions of poorest 
present systems. 

Data on these variables will make it possible to predict con
ditions, to design cheaper systems and help in their operation. 
If conditions are found unfavorable steps may be taken toward 
improving them. 

W. A. Del Mar: It is somewhat difficult to see how this work 
of Mr. Shanklin's can be applied to practical use at the present 
time, because we have no control over the soil conditions or 
over the moisture conditions, so that in estimating the carrying 
capacity of cables, it is in general necessary to assume very bad 
conditions of soil conductivity. 

There is, however, another property of the soil which is of 
considerable importance, and that is the thermal capacity or 
specific heat. The carrying capacity of a cable is very much 
influenced by the thermal capacity of the soil. Usually a cable 
is operated at its full load only for a very short period of the day— 
during the hours of peak load—and the thermal capacity is of 
great importance, because it determines the overload capacity 
of the cable during the peak period. It is unfortunate that Mr. 
Shanklin did not give the thermal capacity of the soil at the same 
time. It might possibly be derivable from histest data, even 
now. 

In Europe, cables are very largely buried in the ground with
out being placed in ducts, and it is obvious that the influence of 
soil moisture will be greater in the case of such cables than in 
the case of cables in ducts, because in the latter case there is 
necessarily a more or less dry layer through which the heat 
must escape in getting from the cable to the soil. When armored 
cables are buried in the soil, and the soil is fairly moist the carry
ing capacity is surprisingly greater than in the case of cables 
laid in ducts in ordinary soil. I have not the figures with me, 
but they are available in existing literature, and in many cases 
it is worth while to look into the advisability of burying the 
cables directly in the ground to obtain the extra carrying capacity. 

G. E. Luke: The determination of constants which limit 
the flow of heat is theoretically very simple; practically, however, 
such problems offer many difficulties and can be solved only 
by an untiring patience. This is especially so in this investi
gation described by Mr. Shanklin, where the unstability of the 
moisture content of the soil gave considerable trouble. 

The conductivity curves Fig. 1 and 4 seem to indicate a de
creasing thermal conductivity of the moist sand and soil as the 
heating continues. I take this to be due to a possible loss of 
moisture or a re-arrangement of the moisture in the material. 
Since the conductivity of dry sand clay soil was only 0 .0028 
w/cm.3 deg. cent, and that of water about 0 .0057 it indicates 
that the high value of 0 . 0 1 4 to 0 . 0 2 0 obtained on the 1 5 per cent 
moisture mixture was due to convection currents in the water. 

The rapid decrease of the co-efficient of thermal conductivity 
with increasing temperature gradients for the 1 5 per cent mois
ture mixture also indicates convection currents, since the heat 
transfer curve for a steam heated pipe in a tank of water has a 
somewhat similar shape. Due to this convection, it is probable 
that the co-efficient of thermal conductivity will depend to 
some extent upon the depth of the moist soil through which the 
heat is flowing. It would be interesting in this connection to 
explore the moist soil temperatures radially in the sample tested 
and thus be able to see if the co-efficient of thermal conductivity 
remained constant for various points distant from the heater. 

The author mentioned the fact that some difficulty was en
countered in the measurement of the inner tube temperature 
by the resistance method. The writer has had similar experi
ences in experimental tests and prefers to measure temperatures 
of such inaccessible places by thermocouples. 

This investigation shows the possibilities of reducing the *A. I. E. E. JOURNAL, Vol. X L I , 1922, February, p . 92. 


